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@ The " invention relates to a DNA fragment containing a 
determined gene, the expression of which inhibits the antibiotic 
and herbicidal effects of Bialaphos and related products. 

It also relates to recombinant vectors, containing such DNA 
fragment, which enable this protective gene to be introduced 
and expressed into cells and plant cells. 
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Descripti n 

GENETICALLY ENGINEERED PLANT CELLS AND PLANTS EXHIBITING RESISTANCE TO GLUTAMINE 
SYNTHETASE INHIBITORS, DNA FRAGMENTS AND RECOMBINANTS FOR USE IN THE PRODUCTION OF 

SAID CELLS AND PLANTS. 

5 The invention relates to a process for protecting plant cells and plants against the action of glutamine 
synthetase inhibitors. 

It also relates to applications of such process, particularly to the development of herbicide resistance into 
determined plants. 

It relates further to non-biologically transformed plant cells and plants displaying resistance to glutamine 
10 synthetase inhibitors as well as to suitable DNA fragments and recombinants containing nucleotide 
sequences encoding resistance to glutamine synthetase inhibitors. 

Glutamine synthetase (hereafter simply designated by GS) constitutes in most plants one of the essential 
enzymes for the development and life of plant cells. It is known that GS converts glutamate into glutamine. GS 
is involved in an efficient pathway (the only one known nowadays) in most plants for the detoxification of 
15 ammonia released by nitrate reduction, aminoacid degradation or photorespiration. Therefore potent 
inhibitors of GS are very toxic to plant cells. A particular class of herbicides has been devefopped. based on 
the toxic effect due to inhibit inhibition of GS in plants. 

These herbicides comprise as active ingredient a GS inhibitor. 

There are at least two possible ways which might lead to plants resistant to the inhibitors of the action of 
20 glutamine synthetase ; (1) by changing the target. It can be envisaged that mutations in the GS enzyme can 
lead to insensitivity towards the herbicide ; (2) by inactivation of the herbicide. Breakdown or modification of 
the herbicide inside the plant could lead to resistance. 

Bialaphos and phosphinothricin (hereafter simply designated by PPT) are two such inhibitors of the action of 
GS, (ref. 16, 17) and have been shown to possess excellent herbicidal properties (see more particularly ret. 2 
25 as concerns Bialaphos). 

Bialaphos has the following formula (I) : 

f H 3 ^ ? H 3 <f«3 

30 HO - P - CH 0 - CH 0 - C - CONH - C - CONH - C - COOH 

0 H H H 

35 PPT nas tne following formula (II) : 

HO - P - CH 0 - CH 0 - CH 
II 2 2 I 

40 

G COOH 



Thus the structural difference between PPT and Bialaphos resides in the absence of two alanine aminoacids 
45 in the case of PPT. 

These two herbicides are non selective. They inhibit growth of all the different species of plants present on 
the soil, accordingly cause their total destruction. 

Bialaphos was first disclosed as having antibiotic properties, which enabled it to be used as a pesticide or a 
fungicide. Bialaphos can be produced according to the process disclosed in the united-states patent no 
50 3 832 394, assigned to MEIJI SEIKA KAISHA LTD., which patent is incorporated herein by reference. It 
comprises cultivating Streptomyces hygroscopicus , such as the strain available at the American Type Culture 
Collection, under the ATCC number 21 ,705, and recovering Bialaphos from its culture medium. However, other 
strains, such as Streptomyces viridochromogenes , also produce this compound (ref. 1). 

Other tripeptide antibiotics which contain a PPT moiety are or might be discovered in nature as well, e.g. 
55 phosalacin (ref. 15). 

PPT is also obtained by chemical synthesis and is commercially distributed by the industrial Company 
HOECHST. 

A number of Streptomyces species have been disclosed which produce highly active antibiotics which are 
known to incapacitate procaryotic cell functions or enzymes. The Streptomyces species which produce these 
60 antibiotics would themselves be destroyed if they had not a self defence mechanism against these antibiotics. 
This self defence mechanism has been found in several instances to comprise an enzyme capable of inhibiting 
the antibiotic effect, thus of avoiding autotoxicity for the Streptomyces species concerned. This modification is 
generally reversed when the molecule is exported from the cell. 
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The existence of a gene which encodes an enzvme ahi* mnHif», *k« « ♦ w * 
effect against the host has been demonstrated S ° a * *? mhibit the antibiotic 

S. fradiae , S. azureus S vinaceus S ervth .rPi.r^n Strept0myces P roduc,n 9 antib.ot.cs, for exampl . in 

GS^ST' inVe ""°" * * " — «— «—« cells-and p,a„„ „, 

.vecTor^S^,^^ recombinants, particularly modified 

neuS^IS «— *« «- X capable o, 

h^ssr^?„ss,rc is *° p,oviae * process ,or se,ec,ive,y pr °**= , *"> «««~» 

analogous herbicides 9 herb.cidal effects of B.alaphos and of structurally 

foreign nucleotide sequence, capable o "being OT^^rTfarin^S 0 ^* ? " a9ment l "°" Jdi " 9 " 
under condition such as to cause said be Wofoaus DMA ?™n™^° f " " ? Sa ' d oe "* M planls ' 

in the cells of said plants and Xrein orStS! Z.VT^ be '" te 9™t«<i stably through generations 
neutralization of sjglutarnirle SnZ^nS« , ™*" e aC " Vily CaPab "' "»=»««»» " 

A preferred DNA fragment is on. derived from an antibiotic-producing-Slrebtomvces str>i„ . „ 

.c«I*S reSeT'o S Gslnbibr? * >Vemi " * >*™" •»» —V' 

a° P^ceTI—e tlKT*" '""""i^ » -«"«• — «* ■ 
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in which X represents MET or VAL, which part of said polypeptide is of sufficient length to confer protection 
against Bialaphos to plant cells, when incorporated genetically and expressed therein, i.e. as termed hereafter 
plant-protecting capability" against Bialaphos. 
50 A preferred DNA fragment consists of the following nucleotide sequence ■ 
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153 - , • - GT3 AGC CCA GAA 

COA^CBC .CCO GCC GAC ATC iti CGT bcC ACC GAG GCG GAC ATG CCO 
□MOTC TGC ACC ATC GTC AAC C AC TAC ATC GAG ACA AGC ACS B t6 
AAC^TTC COT ACC GAG CCG CAO GAA CCG CAG GAG' TGG ACG GAC GAC 
CTCJTC CGT CTG CGG GAG CGC TAT CCC TGG CTC GTC GCC GAG G7G 
GAC6BC GAG GTC GCC GGC ATC GCC TAC GCG GGC CCC TGG AAG GCA 
C8CAAC GCC TAC GAC TGG ACG GCC GAG TCG ACC GTG TAC GTC TCC 
CCC^CBC CAC CAG CGG ACG GGA CTG GGC TCC ACG CTC TAC ACC CAC 
CTaCTB AAG TCC CTG GAG GCA CA G GGC TTC AAG AGC GTG GTC GCT 
CTCJTC GSG CTG CCC AAC GAC CCG AGC GTG CGC ATG CAC GAG GCG 
CTC^GGA TAT GCC CCC CGC GGC ATG CTG CGG GCG GCC GGC TTC AAG 
CAC^GG AA C TGG CAT GAC GTG GGT TTC TGG CAG CTG GAC TTC AGC 
CTOCCO GTA CCG CCC CGT CCG GTC CTG CCC GTC ACC GAG ATC 

replacement of any of its nucleotides by SeTs yefwfthout ZaJZ* ° ne indiCated "ereabove by the 

DMA sequence mentioned hereabove" (normal^ "5^2^^"^^ 
furthermore to any equivalent DNA sequence which Z>2 I IT 9 f ™ V ersa\ genetic code), and 
proper ^.particularly a Bialaphos-resistance-activl * Polypeptide having the same 

nuSiXs~ 

invention, for instance by removing terminal parts onJ^r T^J^ fragments according to the 
exonucleolytic enzyme, for instance BaiaT by rectonina * t™* ° NA fragment ' sucn as by an 

assaying the capacity of the modified plasmid to Sform Inn 9 raQment in 3 SUi,able plasmid and by 
Bialaphos antibiotic or herbicide as disclosed later appropr,ate cel,s and to protect it against the « 

For the easiness of language these DNA frLom^ ?, T aSSay ' S a PP r °P ri ate. 55 
DNA" In a similar n-nnerVco^SrSSJ Set uLT^^ " B -'aphos-resistance 

Wh.le in the preceding discussion particular emph2 hV ? 38 B,ala Phos-resistance enzyme" 
mtroduced into plant cells and plants to confer oTtherrf oro PUt ° n ° NA fra 9ments capable, when 
understood that the invention should in no ™^^'?T,Z? 9 f!L at Bia ' aPh ° S ° T PPT ' tt should be 60 
In a same manner, the invention pertains mnLf. deem ed as limited thereto. e 60 

would also confer on them a protection agaLt oV?S75Sc2' int ° SUCh pla " "Ns. 

involved ,n the natural biosynthesis of P hospSino tri cJn such £ f ° r ,nstance of in termediate products 
abbrev.at.ons MP101 (II.,, MP102 (IV,, the 'formula otZl^e indicated 3? d6Signa,ed b * ^ 
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More generally, the invention has opened the route to the production of DNA fragments which, upon proper 
incorporation into plant cells and plants, can protect them against GS inhibitors when contacted therewith, as 
this will be shown in a detailed manner in relation to Bialaphos and PPT in the examples which will follow. 

This having been established, it will be appreciated that any fragment encoding an enzymatic activity which 
would protect plant cells and plants against said GS inhibitors, by inactivationg, should be viewed as an 
equivalent of the preferred fragments which have been disclosed hereabove. This would apply especially to 
any DNA fragments that would result from genetic screening of the genomic DNAs of strains, particularly of 
antibiotic-producing strains, likely to possess genes which, even- though structurally different, would encode 
similar activity with respect to Bialaphos or PPT, or even with respect to other GS inhibitors. This applies to any 
gene in other strains producing a PPT derivative. 

Therefore, it should be understood that the language "Bialaphos-resistance DNA" or "Bialaphos-resistance 
enzyme" used thereafter as a matter of convenience is intended to relate not only to the DNAs and enzymes 
specifically concerned with resistance to PPT or most directly related derivatives, but more generally with 
other DNAs and enzymes which would be capable, under the same circumstances, of inactivating the action in 
plants of GS inhibitors. 

The invention also relates to DNA recombinants containing the above defined Bialaphos-resistance DNA 
fragments recombined with heterologous DNA, said heterologous DNA containing regulation elements and 
said Bialaphos-resistance DNA being under the control of said regulation elements in such manner as to be 
expressible in a foreign cellular environment compatible with said regulation elements. Particularly the 
abovesaid Bialaphos-resistance-DNA fragments contained in said DNA recombinants are devoid of any DNA 
region involved in the biosynthesis of Bialaphos, when said Bialaphos-resistance-DNA fragment originate 
themselves from Bialaphos-producing strains. 

By "heterologous DNA" is meant a DNA of an other origin than that from which said Bialaphos-resistance- 
DNA originated, e.g. is different from that of a Streptomyces hygroscopicus or Streptomyces viridochro- 
mogenes or even more preferably a DNA foreign to Streptomyces DNA. Particularly said regulation elements 
are those which are capable of controlling the transcription and translation of DNA sequences normally 
associated with them in said foreign environment. "Cellular" refers both to micro-organisms and to cell 
cultures. 

This heterologous DNA may be a bacterial DNA, particularly when it is desired to produce a large amount of 
the recombinant DNA, such as for amplification purposes. In that respect a preferred heterologous DNA 
consists of DNA of E. cbli or of DNA compatible with E. coli . It may be DNA of the same origin as that of the 
cells concerned or other DNA, for instance viral or plasmidic DNA known as capable of replicating in the cells 
concerned. 

Preferred recombinant DNA contains heterologous DNA compatible with plant cells, particularly Ti-plasmid 
DNA. 

Particularly preferred recombinants are those which contain GS inhibitor inactivating DNA under the control 
of a promoter recognized by plant cells, particularly those plant cells on which inactivation of GS inhibitors is to 
be conferred. 

Preferred recombinants according to the invention further relate to modified vectors, particularly plasmids, 
containing said GS-inhibitor-inactivating DNA so positioned with respect to regulation elements, including 
particularly promoter elements, that they enable said GS inhibitor-inactivating DNA to be transcribed and 
translated in the cellular environment which is compatible with said heterologous DNA. Advantageous vectors 
are those so engineered as to cause stable incorporation of said GS inhibitor inactivating DNA in foreign cells, 
particularly in their genomic DNA. Preferred modified vectors are those which enable the stabl transformation 
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30 



transport of the enzyme enrnTon k ?u d,ment of tne invention ml ari P ' s Pec.es concerned 

DNA fragment is fuseTto a gene or * d6S ' red to 

being then intercalated between the r« ■%^ ent encodin 9 ^ transit peptide ^ fhe net erologous 
As concerns means caMbteo?J3? ,nn 'bitor inactivating gene and th» , f last mentioned fragment 
applications 84 32757 £ n n ach,ev,n 9 such constructions referent . ,he u p,ant Promoter selected 
applications filed ^SSSSS^f^ ^ ^ 85 ^te^n ^T^^r^ ^ 
pff.ce (no 85 402596.2, filed on December ?n io»c/ n ° 755 ' 173 ' fi,ed on July 1? 19fili 8 ,k ^ l ° tne re, *ed 
(no 77466 filed on December 27 19851 »L ' in Japan ^° 299 730 filed on S V he Eur °Pean Patent 

biphosphate (RuBP) carboxylase oMh af « GS 3re th ° se as s°ciated wrth the S m a 5 c • Pr ° tein into th e 
There is thus provided DMA frlZlJl 8a /£' ated with the chlorophyTa/b binHin bUn,t ° f rib ulose-t,5 

d ^ S y the invent! To ; ~™ ^ -ess 

KSS as a process for 

starting plant ^VpK.Sfh? " P ' 3nt tissue ^•«*SSd^SS!:?* ,t0r " C ° mprisin 9 
or reproduction material of ««w ° express that inhibitino or nl 9 US genetic material from- 

material and, optSSli bSlS?« P " tS ,° r b ° th f rom said P'™ ce° s o Snl"? aCtiVity ' generating P ,an£ 
wherein said noVbiotogic^Spt VoKT? 0 ^ ^Ic^X^^ "T^"** said Refill 
genet,c material, comprises t ansforminr! J 3 ^ P ' ant cel,s or plant tissue °E Sh • 0 " materia ' 0r bo,h . 
containing a nucleotide seouln^ l " 9 Sa ' d startin 9 P'ant cells or otent t."« ' nClud,n 9 said heterologous 
those which are cipZ^S^i^S^ said Protein, as well as Se egulator^ J'^ ' DNA -'ecomb!nam 
tissue, and to cause the stable Tnt!? ex P ress '"on of said nucleotide sl^Tn * elements selected among 

Wants, wh.rei n V™a toT?™™?, ~' 9=™™°"* of La, VwZ^"'*?*™ 9en °"* DN *» •« 
capable of ln.cti„a«„ g °^ e SS (S^i?. * Pr °'* n • ^Ki^I- ma "™ 1 ' se » da "™ 

on said plant cells, r.pVodS n mil!™ '""* ,tors . Partta*»l» Bialaphos and ?£" ™ " C en2 >"™«<= activity 
resist™. ,„ GS i^.ors "*"«"* «*> and plants , correspondfn^i^Sr "J y '° °°" te ' 
Non-vaHety-ap.cif|c- enzymatic act., r,„ .. "anety-specific phenotype of 

anotn r and comprising 
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incorporation into said plant material of heterologous DNA. e.g. bacterial DNA or chemically synthesized DNA 
wh,ch does not normally occur in said plant material or which normally cannot be incorporated therein bv 
natural breeding processes, and which yet confers a common phenotype (e.g. herbicide resistance) to'hem 
2 't k partlcular advantageous use in processes for protecting field-cultivated plant species 
against weeds, which processes comprise the step of treating the field with an herbicide, e g Bialaphos or 
PPT m a dosage effective to kill said weeds, wherein the cultivated plant species then contains in their genome 
r n hib£or a9m enCOd ' ng a protein havin 9 an enzymatic activity capable of neutralizing or inactivating said GS 

1 rI W ,u °l illus, f ra i i0 ? on . lv > effective doses for "*> in the abovesaid process range from about 0.4 to about 
1.6 kg/Hectare of Bialaphos or PPT. ul 

There follows now a disclosure of how the preferred DNA fragment described hereabove was isolated 
starting from the Streptomyces hygroscopicus strain available at the American Type Culture Collection under 
deposition number A ICC 21 705, by way of examplification only collection under 

con^nMh???? 1 ^ PrOV,d6S t6ChniqUe WWCh C3n be apP " ed t0 ° ther strains produci "9 
The disclosure will then be completed with the description of the insertion of a preferred DNA fragment 
conferring to the transformed cells the capability of inactivating Bialaphos and PPT Thus the 
B,alaphos-.nact,vat,ng-DNA fragment designated thereafter by Bialaphos-resistance gene or' "sfr" gene 
isolated by the above described technique into plasmids which can be used for transforming plant cells and 
conferring to them a resistance against Bialaphos. also merely by way of example for non-limitative illustration 
pu rposes . 

The following disclosure is made with reference to the drawings in which : 

- fig. 1 is a restriction map of a plasmid containing a Streptomyces hygro scopicus DNA fraqment 
encoding Bialaphos-resistance, which plasmid, designated hereafter as pBG1 has been constructed 
according to the disclosure which follows ; 

- fig. 2 shows the nucleotide sequence of smaller fragment obtained from pBG1, subcloned into 
another plasmid (pBG39) and containing the resistance gene ; 

- fig. 3 shows the construction of a series of plasmids given by way of example, which plasmids aim at 
providing suitable adaptation means for the insertion therein of the Bialaphos-resistance gene or "sfr" 

30 gene ; 3 

- fig. 4A and 4B show the construction of a series of plasmids given by way of example, which plasmids 
contain su.table plant cell promoter sequences able to initiate transcription and expression of the foreian 
gene inserted under their control into said plasmids ; a 

- fig. 5A shows a determined fragment of the nucleotide sequence of the plasmid obtained in figure 3 ■ 

- fig. 5B shows the reconstruction of the first codons of a Bialaphos-resistance gene, from a Fokl/Balll 
fragment obtained from pBG39 and the substitution of an ATG initiation codon for the GTGlHTtiaTkTn 
codon of the natural "sfr" gene ; 

- fig. 5C shows the reconstruction of the entire "sfr" gene, namely the last codons thereof and its 
insertion into a plasmid obtained in figures 4A and 4B ; 

- fig. 6A shows an expression vector containing the "sfr" gene placed under the control of a plant cell 

promoter ; 

- fig. 6B shows another expression vector deriving from the one shown in fig. 6A, by the substitution of 
some nucleotides. 

- fig. 7 shows the construction of a series of plasmids given by way of examples, to ultimately produce 
plasmids containing the promoter region and the transit peptide sequence of a determined plant cell 
gene, for the insertion of the "sfr" gene under the control of said promoter region and the downstream of 
said transit peptide sequence. 

- fig. 8 to 1 1 will be referred to hereafter. 
The following experiment was set up to isolate a Bialaphos-resistance-gene from S. hygroscopicus 

according to standard techniques for cloning into Streptomyces . ' 

2.5 jj.g of S. hygroscopicus genomic DNA and 0.5 ug of Streplo~mvces vector plJ61 were cleaved with Pstl 
according to the method described in ref. 6. The vector fragments and genomic fragments were mixed IrTd 
trnl* T S at1 ° ° f °" 0Wed by 72 h0urS at 4 ° C in "9 ation salts wh 'ch contain 66 mM Tris-HCI (pH 7 5) 1 
2 1 Ik ™ oT.a . M9C ' 2 ' 10 mM 2 - merca P ,oeth an°l and 0.1 mM ATP) at a total DNA concentration of 40 ug 
ml - 1 with T4 DNA hgase. Ligation products were introduced into 3 x 109 S lividans strain 66 protoplasts by a 
transformation procedure mediated by polyethylene-glycol (PEG) as described hereafter. These protoplasts 
gave rise to 5 x 10' colonies and 4x10* pocks after regeneration on 20 plates of R2 agar containing 0 5 o/o of 
Difco yeast extract (R2 YE). Preparation and composition of the different mediums and buffers used in the 
2-f« e *P er 'ments are described hereinafter. When these lawns were replica-plated on minimal medium 
plates containing 50 ug ml-' Bialaphos, drug resistant colonies appeared at a frequency of 1 per 10* 
transformants. After purification of the drug resistant colonies, there plasmid DNA was isolated and used to 
retransform hv.dans protoplasts. Non selective regeneration followed by replication to Bialaphos-contain- 
ing-medium demonstrated a 100 o/ 0 correlation between pocks and Bialaphos resistant growth The 
recombinant plasmids of several resistant clones all contained a 1.7 Kb Pstl insert (see fig. 1). 
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Subcloning of the herbicid e resistance qene 

Tho 1 -7 lSi~ n-ii : . _ — 77 : 
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The 1.7 Kb Pstl insert was then subcloned into the high copy number «str«ot . 

gen e rateplasmidpBG20.SJivio^ strains which contained^ Vector P ,J385 »° 

to B-aiaphos. S.lividans gr^wthlFFormaliy inhibited in minimal medi^o^a^ T r6SiStant 

of transformants containing pBG20 was not noticeahiv inhihitAri ir> = ™lw 9 ^ 9/ml Biala Ph°s ; growth 

The Pstl fragment was a.so^bc.onedln ^^Si^SX^TSSZ TT*"-?" Bia ' aph ° S ' 

plasmids pBG1 and pBG2, according to their Ate,i « ™ ° 6 P ' aSm,d P BR32 2. to produce 

con E8767 containing P BG1 or S« *' med ' Um de ™-" a t* d that E. 

, ~. 1 !, 5 ^ b Pstl - BamH ' fragment was subcloned from pBGI into the m^m.H „i ,n-,a . 
plasmid pBG39. and conferred Bialaphos resistance to E. cSli W311? and JMM P ^ 

Us.ng an in vitro coupled transcription-translation system~17ef 5) L q , ?0 
Pstj - BjimHI fragment in pBG39 was shown to d1rec°"he^ynt^este ofa 2^fTd ^rnF^^P »t» Xt * aCtS ' 1he 1 ' 65 Kb 
Kb insert includes a fragment coding for a 22 Kd pr^SrvS^^- '^ te, ^ B " W " ^ 

Fine mapping and sequencing of the gene 

A 625 bp Sau 3A fragment was subcloned from nRfi^q intn oiim o o«w «*-h 
a E^coli W3TT0 host. The resulting clones wTrfpBG93 and^ 

The orientation of the gene in the Sau3A Zit wastndicatd ^J' accordm 9 t0 the orientation. 
Bialaphos resistance coufd be Induced** IPTG fromThe S^^^^^J^ haWB Sh ° Wn ,hat 
IPTG (0.5 mM) the resistance of pBG93/W311C > incWsed from sin ! , PBG93 ' ,n the P™ence of 

Bialaphos. The W31 10 host devoid of pBG93 did no ™ M q m i ^ ° n 3 M9 medium containing 
experiments demonstrated that the SaS^^^^ 

provided for the proper orientation *S*aJ£Z*T^ i°" ° f Th ^ a,so 

clones was detected by using coupled transcriptton-Trws^ 6nC0ded by these 

(ref. 7). Depending on the orientation of the Sau3A ZmnTZJl 6XtraCtS of SJjyidans 

observed ; 22 Kd for P BG94 and ± 28 Kd for pl§93. T^"c^XtTn^S " sliiF ^ * 

Furthermore, both the acetyl transferase anc th f 22 kdTotein !onP-IT dode ^ ,sulfate ^Is (SDS gels, 9 
begun. The correlation of the in vitro data kinetics Toi ^hJl PP w d the P roductl 'on of Bialaphos 

^^^e^com'T't'™ 3 "*! 3 s ^ n9 ' y_ ^P''® a ^ this 22 Kd band was *he gel^e product" 688 ' 00 assoc ' a * ed w " n 

seruen^rmpS as we,, as of f,an k ing 

Sau3A fragment. presence of an open reading frame over the entire length of the 

Characterization of the sfr gene product 

A series of experiments were performed to determine that th^ ™^ * 

encoded the Bialaphos resistance enzyme. ?o SSZe x^^f thT^l^ me * "™ ^ indeed 

sequence of the enzyme was determined. As concern. moS p^rS.a t^i^a^Sd ^^T^ 

S3 o foT Q « Ce ' reference is made l ° the technique developed by°j VANDEKERCK^n^/F p de , te ™"» the 
p. 9-19, 1985, and to French patent applications no r<? i^ 7 q ^ \ A ™ ut K ER CKHOVE, Eur. J. Bioc. 152, 

September 2nd, 1985, a„ of' which ^l^^^X^^ 

This technique allows the immobilization on glass fibre sheets coated with ,ho „«, 
commercial available under the registered trademark POLYBRENE o7 p Z ns LiT, ^T? 
previously separated on a sodium dodecylsu.fate containing polyac^amSe qe. The t™,f~ ° 
essent.ally as for the protein blotting on nitrocellulose membranes fref W ThJ»S f„ ! Camed ° Ut 
amino-acid composition and partial sequence of tho lZhr T ( ? IS a,lows the determination of 

the immobi,ized 22 kd protein produced by T^SS^S^'' 1^°"™ of the she * carrying 
the reaction chambre of a gas-phase sequ enatoMo subject t hJ n^Tn k ° Ut a " d the disC Was mounted in 
degradation procedure. rSe blowing i^o^i^ 
Pro-Glu-Arg-Arg-Pro-Ala-Asp-lle-Arg-Arg ' 
This sequence matched an amino-acid sequence which was dedur^ri fr«m 
62 ? h bP ^ 3 l fra9ment - 11 corresponded to" the strefch "om cod on 3 oco^nT ^ * ^ 

Thus, the NH 2 -terminus of the 22 Kd protein was uostream «f two - . 
translation of the actual protein was likely tc .beSia^ed 2 ami^nfl ' , qU6 ^ e - " Was det ermined that 
often used as initiator codon in Streptomyces Lnd translated a" S m2f h ' er GTG initiation codon ' GTG '« 
GTG initiation codon would be 183 amino^Ws tona a^d^ Pr ° tein trans,at « d »rom the 60 

good agreement with the observed ^^^^^^^^^^^^^-^^ 

codon.Thisexp,ained,hefusi^^ 
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Mechanism of PPT-resistance 

aenroroducr fl e l a ,iic St f Phen ° tyPe S ° m& ° f the physical characteristics of the resistance gene and its 
^! u f * Serie ! S ° f expenments was then carried out to understand th mechanism by which it confers 
?n« th a , I .T^* hereabove ' PPT is the Portion of Bialaphos which inhibits glutamine sChe «e ?GS) 
Zt» t N " 3Cety J PPT ' S n0t an inhibitor ' Usina a standard assay (ref. 9), S. hygroscopicus - ATCC tl 70B 

n^Tcl^ ™ no* founoTn^S^e^itydo'ef 

7 dc eiyiaxe me bialaphos tnpeptide. S. Iivtdans carrying the resistance aene cl oned in nR fipn or «RrMc 

The exp.rtment.l conditions and reagents used in the techniques disclosed hereabove were as follows : 
Preparation a nd composition ol the mediums and buffers ah oy, used 

1 Pjnediym : 10.3 g ot sucrose. 0.025 g ot KaSO«. 0 203 g of MgCb.6HsO and 0 2 ml of a trace .l.m.nt 
solu ,on are dissolved in 80 ml of distilled water and autoclaved. Then in o?der I rn ofKH s Po! ,0 ISoT to 
S" - "znS 13 In "I," ""J" TES """^ ,0 25 M '» H : ?2 > - added T°Ice .,emeS ,Ston 

^i^oC&isa^^E : cuo,!2Hi0 ' ,o ms : Mnc,a4Hjo ' ,0 = 

caL^id^n^ 
25 trace element solution, 1 ml of KH 2 P0 4 (0.5«Vb). 8 02 ml of CaCb 2H,0 f3 68o/ n > i°s mT ^ , , 

sa^tar buB6r ,o25 mi <ch : ?21 - 05 - • •s^-^^i,!^ 

3° TE : 10 mM TRIS HCI, 1 mM EDTA, pH 8.0 
30 (1 o/or^ : DifC ° ^ 6XtraCt (0 3 ° /0) ' DifCO peptone < 05 ° /o >' oxoid ™* extract (0.3 o/ 0 >, g , UCOS e 

Transformation of S. lividans protoplasts 

f.as k 0/0 S — 0 005 M -BO.. 0.5 Co g.ycine, in a 250 m, baff.ed 

2. The pellet is suspended in 10.3 o/ 0 sucrose and centrifuged. This washing is repeated once 

3. The mycelium is suspended in 4 ml lysozyme solution (1 mg/ml in P medium with CaCI, and mmn 
concentrations reduced to 0.0025 M) and incubated at 30°C for 15 to ^ minutes 9 2 

5 ?mp*nm« ^.T* 6 h^ 6 ?" 9 three timSS in a 5 ml pipette and ™ubated for further 15 minutes 
5. P medium (5 ml) is added and mixed by pipetting as in step 4 ""rimes. 

cenV/fu^'^ WO °' Pr0t ° PlaStS ™ aent 'V ted in a bench 

7. Protoplasts are suspended in 4 ml P medium and centrifuged again 

-uiSKt , ?^^r 0 T p,Mt8 are suspended in the drop of p medium ,eft after pourin9 ° ff the 

45 9- DNA is added in less than 20uJ TE. 

10. 0.5 ml PEG 1 000 solution (2.5 g PEG dissolved in 7.5 ml of 2 5o/ 0 sucrose 0 0014 KoSO. n 1 M r»nt 
comp M on T e R nfs maleiC ^ P " ^ P ' US ^ iS immediate * ^Tan^^^ 

50 clLZTJon SeCOndS ' 5 m ' ° f P mediUm 3dded aPd the P r °top.asts are sedimented by gentle 

12. The pellet is suspended in P medium (1 ml) 
.! 3 in 0 ar 1 SS^ °" ^ ^ tM ° mat ^ dr * ^ to 8 5 o/o of their fresh weigh e. g. in a 

14. Incubation at 30°C. 

A - Construction of a "sfr" gene cassette 

A "sfr" gene cassette was constructed to allow subseauent Hnninn 

.solation of a Fok.-Bgli, fragment from the p.asmid S^^^^^^^J^'y^ of 
the first codon.. including the initiation codon, and" of the last c^ZHi^S^SS^ 

ap P r 0 ^r a e r: 

The complementary synthetic oligonucleotides were 5'-CATGAGCCCAGAAC and 3'-TCGRfiTrTTrr>-rrr 
By using such synthetic oligonucleotides, the 5' end of the "sfr" gene coSc The reLrm^In^f rrS 
initiation codon substituted for a codon well translated by plant celte paSfar? an ATC rn^ n 
The DNA fragment containing the oligonudeotides linid' to the' '^S^f^JSZ into an 
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appropriate plasmid. which contained a ^ 

"adapter" fragment. 3 dete ™ ne * nucleotide sequences thereafter designated by an 

This adapter fragment comprised : 

- a TGA termination codon which pnahion i„ * 

- appropriate restriction sites Snic; n tf bl ^ d ^ , 4 S, in^ 0 e d ^n of 'rnVf" T be ref0r ™ d ■ 
compnsmg the "sfr" gene partially reformed with the svnthe^ « Lnn ° f the nucle °tide sequence 
reconstruction of an intact "sfr" gene ■ synthetic oligonucleotides ; this insertion resulted in the 

- appropriate restriction sites for the isolation of the entire "sfr" n~n 0 

the mvention is not .imited to the use o this ^^^^T 1 ^ 0 ^^^^^-^^ 
promoters suitable in plants, for example the TRvVnrZZ °* her set » uen «» could be chosen as 

small subunit gene from A I abid^l^ 

1° Construction of the olasmiri pi ic** o (fiq 3) 

The construction of plasmid dLKSS ? aimJ Lu* • . 
of restriction sites : Smal BamW Ncol KpnT Ban/"^^ S r '^uf a /? aptor inclu ding the following sequence 

The starting plasmldT'us'eTW th^A^TT tF " — ' §amHI, Hindlll and Xbal. quence 
BOTTER M AN(ref. l7> ^ COnstruct '°". P<-K56, pJBSTind pLK33^ere those disclosed by 

drawings by arc "a" in broken line) obtained ^oTo^d n m J^ * ^Sment (referred to in the 

The BamHI-Pstl fragment of dLK33 (c\ /on r,nT^ ^ 
after ^ ^ t J f respec £™£> ^ ^^^gmem ^ ^'^'^ent (d, of P LK56.3, 
After recirculation by means of the T4 DNA MmL th^Kt w , 

2o Construction of th<> p lasmid PGSH150 rfir, aa } 

— ^ a plasmid containing a promoter 

said promoter sequence in the i^^S^^^SlIZ T^- ^ ^streZ Ji 

the accomodation of the "sfr" gene then obtainab e I < om Tk56 s ' IT^* then intended to enable 
Ptasm.d P GV825 is described in DEBLAERE et 2 freT ?o v£ , COntr °' ° f Said P ,ant Promoter 

. PGV825 was linearized with Pvull and recVrcuterSec by tSe S ^ * fr0m BOTT ^MAN I (ref. 11, * 

'"S^a^ l,9aSS ' reSU ' tin9 ^ - — - - * 

(C^Sbffi with ca, intestine phosphatase " 

J^S^^ of T4 DNA ligase. . 

TR V-Z promoter fragment described TvELT^ e f al ^mI^th ,6d ' ^ latter P ' asmid carried the dual 
digested with Hpal and Hindlll and yielded pGSH150 fragment was inserted in pGV1500 45 

^gSSSSSZS* Pr0m0t6r fr39ment ' n ,r ° m ° f ^ 3 ' - - -e T-DNA transcript 7 and a BamH,' 

3o Construction Of the pla smid PGSJ26Q liig j B ) 

^^■^I^StSS" PBR322 Wh ' Ch »» 355 - c.dll.lower mosaic " 

PGSH150 was cut by BamHI and Bglll 

J^S^SS^^^^^^^^. - P35S promote, was 
•1 its Bglll reslrictiSTiile— PGSH150 to form plasmid pGSJ250. pGSJ250 was then opened 

PG^ST " a9mm, ° b "™> "*« 1» « ^ p GSJ 2=0 a, the go,,, s „ e lo (orm p ,„ mja 

turther moditi.d as discussed below to yield pGSRl ns,, " on ln a m ° r,! Poetical manner Thus PLK56.2 was 
J^S.*T P,aSm ' a - *— ' -or supseouen, ,rans,orm„,ons o, W .„, cells 

- a first plasmid permitting the expression of the "sfr" aene in tho , ♦ , 

- a second p.asmld so mo«ed as ,o acN.ve S^JSiT^Z ,0 the 
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chloroplasts of plant cells. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



First case : plasmid enabling the expression of the "sfr" gene in the cytoplasm of plant cells 

Cloning of the sfr gene cassette in a plant expression vector (p GS R2) (fig. 5) 

On figure 5A, the nucleotide sequence of the adapter of pLK56.2 is shown. In particular, the locations of 
Bam HI, Nco l, Bgl ll restriction sites are shown. 

This adapter fragment was cleaved by the enzymes Nco l and Bgl ll. 

Figure 5B shows the Fokl-Bglll fragment (j) obtained from pBG39. The locations of these two restriction 
sites are shown on figure 2. 

Using synthetic oligonucleotides, the first codons of the "sfr" gene were reformed, particularly the 5' end of 
the gene in which a ATG initiation codon was substituted for the initial GTG codon. 

This Fokl-Bglll fragment completed with the synthetic oligonucleotides was then substituted in pLK56.2 for 
the Ncol-Bglll fragment of the adapter. The 3' end of the gene was thus reformed too, after recircularization 
with T4 DNA ligased. The plasmid obtained, pGSR1, thus contained the entire "sfr" gene inserted in its 
adapter. 

The plasmid pGSJ260 was then opened by Bam HI (fig. 5C) and the Bam HI fragment obtained from pGSR1 t 
which contained the entire "sfr" gene, was inserted into pGSJ260. 

The obtained plasmid, pGSR2 (see fig. 6A) contained a pBR322 replicon, a bacterial streptomycin 
resistance gene (SDM-SP-AD-transf erase) and an engineered T-DNA consisting of : 

- the border fragments of the T-DNA ; 

- a chimeric kanamycin gene which provided a dominant selectable marker in plant cells ; and 

- a chimeric "sfr" gene. 

The chimeric "sfr" gene consisting of : 

- the promoter region of the cauliflower mosaic virus (p35S) ; 

- the "sfr" gene cassette as described in fig. 5 ; 

- the 3' untranslated region, including the polyadenylation signal of T-DNA transcript 7. 

pGSR2 was introduced into Agrobacterium tumefaciens recipient C58CIRifR (pGV2260) according to the 
procedure described by DEBLAERE et al. (ref. 10). 

This strain was used to introduce the chimeric "sfr" gene in N. tabacum SRi plants. 

Two variant plasmids deriving from pGSR2, namely pGSFR280 and pGSFR281 , have been constructed. They 
differ in the untranslated sequence following the transcription initiation site. In pGSR2, this fragment consists 
of the following sequence : 

GAGGACACGCTGAAATCACCAGTCTCGGATCC ATG ; 
while it consists of : 

GAGGACACGCTGAAATCACCAGTCTCTCTACAAATCGATCCATG 
in pGSR280 and of 

GAGGACACGCTGAAATCACCAGTCTCTCTACAAATCG ATG 

in pGSFR281, with an ATG codon being the initiation codon of the "sfr" gene. The "sfr" gene is also fused to 
the TRV-2' promoter in the plasmid pGSH150 (fig. 4A) yielding pGSFR160 and pGSFR161 (fig. 6B). These 
plasmids contain slight differences in the pTR2 "sfr" gene configuration : the "sfr" gene is correctly fused to 
the endogenous gene 2' ATG in pGSFR161 (for sequences see ref. 13), whereas 4 extra base pairs (ATCC) are 
present just ahead of the ATG codon in pGSFR160. Otherwise, plasmids p65FR161 and p65FR160 are 
completely identical. 

All plasmids are introduced in Agrobacterium by cointegration in the acceptor plamids pGV2260 yielding the 
respective plasmids pGSFR1280, pGSFR1281, pGSFR1160 and pGSFR1161. 

Second case : construction of a plasmid containing the "sfr" gene downstream of a DNA sequence encoding a 
transit peptide and suitable for achieving subsequent translocation of the "sfr" gene expression product in to 
plant-cell-chloroplasts ~~ ~ ~ ~ 

In another set of experiments, the nucleotide sequence which contained the "sfr" gene was fused to a DNA 
sequence encoding a transit peptide so as to enable its transport into chloroplasts. 

A fragment of the "sfr" gene was isolated from the adapter fragment above described and fused to a transit 
peptide. With synthetic oligonucleotides, the entire "sfr" gene was reconstructed and fused to a transit 
peptide. 

The plasmid (plasmid pATS3 mentioned below) which contained the nucleotide sequence encoding the 
transit peptide comprised also the promoter sequence thereof. 

Construction of the plasmid p GS R4 which contains the "sfr" gene fu sed to a DNA sequence encodinq transit 

peptide (fig. 7) ~ 

Plasmid pLK57 is from BOTTERMAN, (ref.1 1 ). Plasmid pATS3 is a pUC19 clone which contains a 2Kb EcoRl 
genomic DNA fragment from Arabidopsis thaliana comprising the promoter region and the transit peptide 
nucleotide sequence of the gene, the expression thereof is the small subunit of ribulose biphosphate 
carboxylase (ssu). The A. thaliana small subunit was isolated as a 1 500 bp EcoRI-Sphl fragment. The Sphl 
cleavage site exactly occurs at the site where the coding region of the mature ssu protein starts. 
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Ptasmids pLK57 and pATS3 were opened with EcoRI and Sphl. After recircularization by means of the T4 
DNA ligase. a recombinant plasmid pLKABI containing the sequence encoding the transit peptide (To) and its 
promoter region (Pssu) was obtained. 

In order to correctly fuse the "sfr" gene at the cleavage site of the signal peptide, the N-terminal gene 
sequence was first modified. Since it was observed that N-terminal gene fusions with the "sfr" gene retain their 
enzymatic activity, the second codon (AGC) was modified to a GAC, yielding an Ncol site overlapping with the 
ATG initiator site. A new plasmid, pGSSFR2 was obtained. It only differs from~pGSR1 (fig 5B) by that 
mutation. The Ncol-BamHI fragment obtained from pGSFR2 was fused at the Sphl end of the transit peptide 
sequence. In parallel, the "sfr" gene fragment was fused correctly to the ATGlHitiator of the ssu qene (not 
shown in figures). 



Introduction of the "sfr" gene into a different plant species 

The Bialaphos-resistance induced in plants by the expression of chimeric genes, when the latter have been 
transformed with appropriate vectors containing said chimeric genes, has been demonstrated as follows The 
recombinant plasmids containing the "sfr" gene were introduced separately by mobilization into 
Agrobacterium strain C58Ci RifR (pGV2260) according to the procedure described by DEBLAERE and al 
NucL Acid. Res., 13, p. 1 477, 1985. Recombinant strains containing hybrid Ti plasmides were formed These 
strains were used to infect and transform leaf discs of different plant species, according to a method 
essentially as described by HORSH and aL, 1985, Science, vol. 227. Transformation procedure of these 
different plant species given by way of example, is described thereafter. 

1. Leaf disc transformation of Nicotiana tabacum 

Used Media are described thereafter : 

Ai MS salt/2 + 10/0 sucrose 
0.8% agar 
pH 5.7 

A10 B5-medium + 250 mg/l NH4NO3 
750 mg/l CaCI 2 2H 2 0 
0.5 g/l 2-(N-Morpholino)ethane- 
sulfonic acid (MES) pH 5.7 
30 g/l sucrose 

An B5-medium + 250 mg/l NH4NO3 
0.5 g/l MES pH 5.7 
2 0/0 glucose 
0.8 0/0 agar 
40 mg/l adenine 
+ 1 mg/l 6-Benzylaminopurine 
(BAP) 

0.1 mg/l lndole-3-acetic acid 

(IAA) * ' 

500 mg/l Claforan 

A12 B5-medium + 250 mg/l NH4NO3 
0.5 g/l MES pH 5.7 
2 0/0 glucose 
0.8 0/0 agar 
40 mg/l adenine 
+ 1 mg/l BAP 
200 mg/l claforan 

A13 MS-salt/2 -I- 30/0 sucrose 
0.5 MES g/l pH 5.7 
0.7 0/0 agar 
200 mg/l claforan 

Bacterial medium = min A : (Miller 1972) 60 mM 
K 2 HP0 4l 3H 2 0, 

33 mM KH2PO4 ; 75 mM (NH 4 ) 2 S04 
1.7 M trinatriumcitrat; 1 mM MgSCX* ; 
2 g/l glucose ; 50 mg/l vitamine B1 

- Plant material : 

Nicotiana tabacum cv. Petit Havana SR1 
Plants are used 6 to 8 weeks after subculture on medium A1 

- Infection : 

- midribs and edges are removed from leaves. 

- Remaining parts are cut into segments of about 0.25 cm2 and are placed in the infection medium A10 (about * 
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12 segments in a 9 cm Petri dish containing 10 ml A 10 ) 

a replaced by 20 ml of medium A 10 containing 500 mg/l clarofan. 

" Selection and shoot induction 

100 ^Zn^lnT^ 00 A » C °" tai ^ ^ -.active agent . 

W 10 to 100 mg/l phosphinotricin 

- Aft a e f rTto S / re ,r * nsferred to f ™sh medium weekly. 

concent ^^^X^^^T^ ^ °" — -h the same 

15 - Rooting 

nJ^^f^^J^S^ C ° Vered With ««eh can be isoiated and transferred to rooting 

- Rooting takes 1 to 2 weeks 

- After a few more weeks, these plants are propagated on medium A, 

2 " S ' di t° infeCti ° n ° f SQ'anum tuberosum (potato) 

Used media are described thereafter ■ 

I Ci B5-medium + 250 mg/l NH4NO3 

300 mg/l (CaCH 2 P0 4 ) 2 
I ^5 0.5 g/l MES pH 5.7 
5 0.5 g/l polyvinylpyrrolidone (PVP) 

] 40 g/l mannitol ( = 0.22M) 

O.8O/0 agar 
40 mg/l adenine 

C 2 B5-medium + 250 mg/l NH4NO3 
400 mg/l glutamine 
0.5 g/l MES pH 5.7 
0.5 g/l PVP 
40 g/l mannitol 
35 40 mg/l adenine 
0.8 0/0 agar 

+ 0.5 mg/l transzeatine 
0.1 mg/l IAA 
500 mg/l clarofan 

C 5 MS salt/2 + 3 o/ 0 sucrose 
0.7 0/0 agar 
pH 5.7 

C 7 B5-medium + 250 mg/l NH4NO3 
400 mg/l glutamine 
45 0.5 g/l MES pH 5.7 
0.5 g/l PVP 
20 g/l mannitol 
20 g/l glucose 
40 mg/l adenine 
0.6 0/0 agarose 
+ 0.5 mg/l transzeatine 
0.1 mg/l IAA 
500 mg/l clarofan 

C e B5-medium + 250 mg/l NH4NO3 
55 400 mg/l glutamine 
0.5 g/l MES pH 5.7 
0.5 g/l PVP 
20 g/l mannitol 
20 g/l glucose 
40 mg/l adenine 
0.6 0/0 agarose 
+ 200 mg/l clarofan 
1 mg/l transzeatine 

£ 65 ' Ann 9 B5 ' m f dlum + 250 mg/l NH4NO3 
] 400 mg/l glutamine 
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0.5 g/l MES pH 5.7 
0.5 g/l PVP 
20 g/l mannitol 
20 g/l glucose 
40 mg/l adenine 
0.6 o/o agarose 
+ 1 mg/l transzeatine 
0.01 mg/l Gibberellic acid A 3 
(GA 3 ) 

100 mg/l clarofan 

Cm MS salt/2 + 6 o/ 0 sucrose 
0.7 o/o agar 



1.7 tnnatnumcitrat; 1 mM MgS0 4 • 
2 g/l glucose; 50 mg/l vitamine B1. 

- PLant material 

Tubers of Solanum tubero sum c .v Berolina 
c.v. Desiree ■ 

- Infection 

- Potatoes are peeled and washed with water 

- The outer layer is removed (1 to 1 5 cm) 

• Selection and shoot induction 

kanamvcln. "° m ,he <* s « s tr.nsferr.d to medium C, containing 50 mg/l 

Kunamycn. transient to elongation medium C s containing 50 mg/l 

- Rooting 

Ai MS salt/2 4- 1 o/o sucrose 
0.8 o/o agar 
pH 5.7 

Bi B5-medium + 250 mg/l NH4NO3 

0.5 g/l MES pH 5.7 

0.5 g/l PVP 

300 mg/l Ca (H 2 P0 4 ) 2 

2 % glucose 

40 mg/l adenine 

40 g/l mannitol 

B 2 B5-medium + 250 mg/l NH4NO3 
0.5 g/l MES pH 5.7 
0.5 g/l PVP 
400 mg/l glutamine 
2 0/0 glucose 
0.6 0/0 agarose 
40 mg/l adenine 
40 g/l mannitol 
+ 0.5 mg/l transzeatine 
0.01 mg/l IAA 
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500 mg/l claforan 

B 3 B5-medium + 250 mg/l NH4NO3 
0.5 g/l MES pH 5.7 
0.5 g/l PVP 
5 400 mg/t glutamine 

2 0/0 glucose 

0.6 0/0 agarose 

40 mg/t adenine 

30 g/l mannitol 
W + 0.5 mg/l transzeatine 

0.01 mg/l IAA 

500 mg/l clarofan 

B 4 B5-medium + 250 mg/l NH4NO3 

0.5 g/l MES pH 5.7 
75 0.5 g/l PVP 

400 mg/l glutamine 

2 % glucose 

0.6 0/0 agarose 

40 mg/l adenine 
20 20 g/l mannitol 

+ 0.5 mg/l transzeatine 

0.01 mg/l IAA 

500 mg/l clarofan 

B 5 B5-medium + 250 mg/l NH4NO3 
25 0.5 g/l MES pH 5.7 

0.5 g/l PVP 

400 mg/l glutamine 

2 0/0 glucose 

0.6 % agarose 
30 40 mg/l adenine 

10 g/l mannitol 

4- 0.5 mg/l transzeatine 

0.01 mg/l IAA 

500 mg/l clarofan 
55 B 6 B5-medium + 250 mg/l NH4NO3 

0.5 g/l MES pH 5.7 

0.5 g/l PVP 

400 mg/l glutamine 

2 % glucose 
4a 0.6 0/0 agarose 

40 mg/l adenine 

+ 0.5 mg/l transzeatine 

0.01 mg/l IAA 

200 mg/l clarofan 
45 By B5-medium + 250 mg/l NH4NO3 

0.5 g/l MES pH 5.7 

0.5 g/l PVP 

400 mg/l glutamine 

2 0/0 glucose 
50 0.6 0/0 agarose 

40 mg/l adenine 

+ 1 mg/l transzeatine 

200 mg/l clarofan 

Be MS salt/2 + 2 0/0 sucrose 
55 0.5 g/l MES pH 5.7 

0.7 0/0 agar 

Bg B5-medium + 250 mg/l NH4NO3 

0.5 g/l MES pH 5.7 

0.5 g/l PVP 
60 2 0/0 glucose 

0.6 0/0 agarose 

40 mg/l adenine 

+ 1 mg/t transzeatine 

0.01 mg/l GA3 

65 Bacterial medium « min A : (Miller 1972) 60 mM 
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K 2 HP04-3H 2 0 ; 

33 mM KH 2 P0 4 ; 7.5 mM (NH 4 )2S0 4 ; 
1.7 M trinatriumcitrat; 1 mM MgS04 ; 
2 g/l glucose; 50 mg/l vitamine B1 

- Plant material 

Lycopersicum esculentum cv. Lucullus. 
Plants are used 6 weeks after subculture on medium A1. 

- Infection 

- Midrib is removed from the leaves. 

- Leaves are cut in segments of about 0.25 to 1 cm 2 (the edges of the leaves are not wounded, so that only 
maximum 3 sides of the leaf pieces is wounded). 

- Segments are placed in infection medium Bi (upside down), about 10 segments in a 9 cm Petri dish 

- Segments are then infected wiht 20 |xl per Petri dish of a late log culture of the Agrobacterium strain grown in 
min A medium. ~ 

- Petri dishes incubate for 2 days at low light intensity. 

- Medium is removed after 2 days and replaced by 20 ml of medium B1 containing 500 mg/l clarofan. 

- Selection and shoot induction 

- The leaf discs are placed in medium B2 + 50 or 100 mg/l kanamycin. 

- Each 5 days the osmotic pressure of the medium is lowered by decreasing the mannitol concentration 
transfers are done consecutively in medium B3, B4, B5, and B6. 

- After one month calli with meristems are separated from the leaf discs and placed on medium B 7 with 50 or 
100 mg/l kanamycin. 

- Once little shoots have formed, calli are transferred to elongation medium B 9 with 50 or 100 mg/l kanamycin. 

- Rooting 

- Elongated shoots are separated and transferred to medium Ba for rooting. 

- Plants are propagated on medium A1. 

Greenhouse tests for herbicide resistance 
Material and method 

In this experiment, two herbicides comprising phosphinotricin as active ingredient, are used. 
These compounds are those commercially available under the registered trademarks BASTAR and MEIJI 
HERB! ACER. 

These products are diluted to 2 o/ 0 with tap water. Spraying is carried out on a square metre area from the 
four corners. Temperature of the greenhouse is about 22° C for tobaccos and tomato, and above 10°C to 15°C 
for potato. 

Results 

- Tobacco spraytest 

a) Nicotiana tabacum cv. Petit Havana SR1 plants transformed with the chimeric "sfr" genes as present 
in pGSFR1161 or pGSFR1281, as well as unstransformed control plants (from 10 cm to 50 cm high) are 
treated with 20 I BASTAR/ha. Control SR1 plants die after 6 days, while transformed plants are fully 
resistant to 20 I BASTAR/ha and continue growing undistinguishable from untreated plants. No visible 
damage is detected, also the treatment is repeated every two weeks. The treatment has no effect in 
subsequent flowering. The recommended dose oF BASTAR herbicide in agriculture is 2.5-7.5 l/ha 

b) A similar experiment is performed using 8 l/ha MEIJI HERBIACER. The transformed plants (the same 
as above) are fully resistant and continue growing undistinguishable from untreated plants. No visible 
damage is detectable. 

- Potato spraytest 

Untransformed and transformed potato plants ( Solanum tuberosum cv. Berolina) (20 cm high) with the 
chimeric "sfr n gene as present in pGSFR1 161 or pGSFR1281 are treated with 20 I BASTAR/ha Control plants 
die after 6 days while the transformed plants do not show any visible damage. They grow undistinguishable 
from untreated plants. 

- tomato spraytest 

Untransformed and transformed tomato plants ( lycopersium esculentum cv. luculus) (25 cm high) with the 
chimeric "sfr n gene as present in pGSFR1 161 and P GSFR1281 are treated with 20 I BASTAR/ha control plants 
die after six days while transformed plants are fully resistant. They do not show any visible damage and qrow 
undistinguishable from untreated plants. $ 
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- Growth control of phytopathogenic fungi with transformed plants 

DGSFmSTa^^own^n'r 6 " 45 ' ^ P,antS e ^ ressi ^ chimeric "sfr" genes as present in pGSFR1161 or 
PGSFR1281 are grown in a greenhouse compartment at 20°C under high humidity Plants are innoculated bv 
f%T& o,^ ° f a , ? U ?^o i0n ° f 106 PMQPhtorainfestans spores per ml. Plants gro^ fn groZh chSs 
(20 c 95 o/o hum.dity, 4 000 lux) until fungal disease symptoms are visible (one week) One sefofTe Ss are 
at that moment sprayed with Bialaphos at a dose of 8 l/ha. Two weeks later, untreated" plants are cXete v 
bV *? fun 9 us , The 9 rowth of *e ^n9us is stopped on the Bialaphos treated plants and noMer 
d,sease symptoms evolve. The plants are effectively protected by the fungicide action of efalaphos 

- Transmission of the PPT resistance through seeds 

Krll^Z™,?* t0baCC ° P l antS ex P ressin 9 tne chimeric "sfr" gene present in pGSFR1161 and pGSFR1281 are 
brought to flowenng in the greenhouse. They show a normal fertility P 

About 500 F1 seeds of each plant are sown in soil, F1 designating seeds of the first Generation i e directh, 
Rl™/h m ^ 0r ? ina " y transformed P' ants - Whe " seedlings are 2-3 cm high, they a? ^Syed S 
E£ IZLs tlaU St^^^TT^ T ^ be distin 9-hed " a ratio o^VpSely 3 5o 1.' 
To 1^S»„; p 71 r " ,stance 15 "Wanted as a dominant marker encoded by a single locus. 
10 resistant F1 seedlings are grown to maturity and seeds are harvested. F2 seedlings are arown as 
described above and tested for PPT-resistance by spraying BASTA" at a dose of 8 f/ha Somfof the Fl plan^ 
Z°ne% seedlings which are all PPT-resistant showing that these plants are homozjgo^or the res s ?ince 
gene.The invention also concerns plant cells and plants non-essentiafly-biologically^Tans^ 
inhibitor-inactivating-gene according to the invention iransTormea with a GS 

"sfr "J^l^KST Ce " S ™« p,ants are non-biologica.ly-transformed with the 

Such plant cells and plants possess, stably integrated in their genome, a non-variety-specific character 
Thi s r rh a t hem I"' ,0 P :° dUCe detectable a ™unts of phosphinotricin-acetyl transSast 
rJliJ S Z r C ° S l ° the transformed P |an t cells and plants a non-variety-specific enzymatic activity 
capable of inactivating or neutralizing GS inhibitors like Bialaphos and PPT 

on ,k A K C °u diri ? ly ' P l ant Ce " S and plants transformed according to the invention are rendered resistant aaainst 
30 the herbic.dal effects of Bialaphos and related compounds renaerea resistant against 

Hii^r B l alaphos was f de scribed as a fungicide, transformed plants can also be protected against fungal 
diseases by spraying with the compound several times 9 931 

^:zTzt:r^T^T^ or re,ated compounds is app,ied severai times - particu,ar,y at time 

a oH h «fJ< nV f tion a,so con cerns a new process for selectively protecting a plant species against fungal diseases 
the D .Jnt rJLf, °y' ng W ? h dS in 3 fie ' d com P' isin 9 the steps of treating a fie.d within herbicfde wherein 
„f P f , ta ' n ' n the ' r 9en ° me 3 ° NA fra9ment encodin 9 3 P r °tein having an enzymatic activity 
^S^^SS^. ' naCt ' Va,in9 GS inhibit ° rS ^ M " the ™* herbicide - «*2 

It comes without saying that the process according to the invention can be employed with the same 

Te'^ooLZ d H St , r0 t r W6edS 3 field " if P ' antS are not infected with fun gi ■ either to only stop t"e 

development of fungi if the latter appears after destruction of weeds 

DNA Elf embodime "t of the process according to the invention, plant species are transformed with a 
45 impound COmpriS,ng the sfr 9 ene as described hereabove, and the used herbicide is PPT or a related 

«! C «?t?rl n9ly '« S °' U,i0n ° f PP 7 ° r re ' ated c ° m P° un d is applied over the field, for example by spraying 
destroyed emeraence of the plant species to be cultivated, until early and late germinating weeds are 

50 herbiLd^rnmnr t^ 3 ? 6 ! 0 ^ emer 9 ence of P lant s Pecies to be cultivated, the field can be treated with an 

oo nerbicidal composition to destroy weeds. 

BeWpm^ hand - f f h lds H can be feated even before the plant species to be cultivated are sowed. 
BJ?.X«^?hIS5i. e ' m SPeCi6S ' fie ' dS ^ 66 treat6d Wi,h 3ny aVai,able herbiCide " inc,udi "9 

After emergence of the desired plant species, Bialaphos or related compound is applied several times 

fining , e K b0d r!' ? 6 herbiCid6 iS apP ' ied 3t time intervals of about from 20 to 100 days 
Btatenhof ^.f k° , 3 fn transformed in such a way as to resist to the herbicidal effects of 

Bialaphos-type herbicides fields can be treated even after emergence of the cultivated plants 

to bTpTodTced U * ^ ' ate 9 er ™nating weeds, without any effect on the plants 

HH^^r' BialapnOS or / elat ed compoud is applied at a dose ranging from about 0.4 to about 1 .6 kg/ha and 
about 2 to SutTITha 3 C ° nCentrati0n such as to enab,e ^ application to the fie.d at a rate ranging from 

p.am e Ipe f cie°s WS eXamp> ' eS ' 9iVen by way of illu stration, of some embodiments of the process with different 
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- Sugarbeets 



The North European sugarbeet is planted from March 15 up to Aoril 

condition and more precisely on the precipitation and averanp I T t depend,n 9 u P° n the weather 

less the same in each country and can ca^ W f eeds ^ems are more or 

Weed problems can be separated in three sTatons P S6S Can ° Py around ™^V- 



early germination of the grassy weeds, 
- early germinating broadleaved weeds, ' 
late germinating broadleaved weeds 



Up to now, pre-emergence herbicides have been succe<«fiiii« ..c A h o ^ 
those commercial available under the re Jstered "ademar 's PYRAM.NR 0 ^^ ^ 6Xamp,e 
However, the susceptibility to dry weather conditions of th»«T « - J'YRAMINR, GOLTIXR and VENZARR. 
to control late germinating we2ds have fed ite ^l?^ u ^^? M ^' M ,he tek rt ^Mty 
pre-emergence ones. t0 USe P os t-emergence products in addition to 

to.^ g ( LampTes er ' ndiCateS ^ ^ CM *« »• ****** compositions cited in the 



TABLE (I) 
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Commercial Name 



AVADEX 

AVADEX BW R 
GOLTIX R 
RONEET R 
TRAMAT R 

FERVINAL R 
BASTA R 

PYRAMIN FL' 



Active ingredient Formulation 



Diallate 
Triallate 
Metamitron 
Cycloate 
Ethof umerate 
Alloxydime- sodium 
Phosphinotricin 
Chloridazon 



EC 400 g/l 
EC 400 g/l 
WP 70 % 
EC 718 g/l 
EC 200 g/l 
SP 75 % 
200 g/l 
SC 430 g/l 



broadleaves (O*™. Po.ygonum , Sejecte, sXlH^llr 5 ' ^ w ~ 4^525™. POA) , M 
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- Potatoes 



Potatoes are grown in Europe on about 8 me n= T h 
Linuron/monolinuron or the compound commerc^lly LSab.e^er^ "w* 3 USed '° r W6ed COntro1 are 

Howe^r ? ^ 39ainSt m ° St ^specfes " ^nomination METRABUZIN 

BI^STZ^^S^Z^ S^oTThl'SnS VraZlf !? ^^Podiurn and Polygonum are not 

^ab.e ,,, thereafter represents some examp.es given by way of exampie of fie.d-treatment in the case of 



TABLE (III) 



W """i..""— " POt "°"' on th. use of 

BASTA J 



R PrOVidin ^ Potatoes are rendered resistant to 



Linuiron + monolinuron (375 CT + ?7«; 

ce g + 375 g/na > Prior to emergen- 

BASTA^" -> 

b^t**/*! lt/ha aftSr emer9ence (5-15 cm) 

BASTA /fluazif op-butyl 3-4 n- / ha A r, i , u 

y J 4 lt/ha + 2 it/ha after emergence 
(5-15 mil 



"Ge^S^ on December 12 nd, 1985 at the 

Germany. They received the deposit numbers" Dsl ™ tt^^!?^™^") « <™^. 
Further embodiments of the invention are d^rrt»H<™ ,? d DSM 3 607 respectively. 

- fig. 8 shows the restriction man o I nETw W " h reference to the figures in which : 

- fig. 9 shows the nucleotide sequence o Ze ^Sj^T'" 9 Biala P h ^-resistance-gene ; 

- fig. 10 shows the amino acid itLJ^J^Z^^^™^ ,he resistan " fl«ne ; 

Another Bialaphos-resistance-gene has be P n U^i^m * 
SJI ^^ Bialaphos-producing-strains, i.e. 

This second preferred DNA fragment accordina to tho ?« * thereafter designated by "sfrsv" gene. 
cel,s, consists of a nucleotide sequence co'ng Z at JiZS £ ^ ~ b " qUem tranafo ™»t£n of p.ant 

y ai least part of a polypeptide having the following sequence 
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Linuron r ,~ _ # R 

WP 50 % (AFALON^ ) 
Monolinuron wp 47 . 0 . ^ R 

. WP 47.5 * ( ARESSIN ) 35 

fluazxf op-butyl x?r /, , r 

EL 250 g/l ( FUSILADE ) 
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VSPBR R PVEIRPATAADM 



5 AA VCD IVNHYI ETS TVNP 



w R TEPQT PQ,EWI D DL ER LQ 
?5 DRYPWLVA EVEGVVAGIA 

vagpwkarnaydwtvest 

VYv SHRHaRLGLGSTLYT 

hllksme a cl gfksvvavi 

LHEALGYTA 

RGT LRA AGY KHGGWHDVG 
'V FW . ^ RD FELPAPPR PVRpv 
45 T Q I * 
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Clpndpsvr 



35 



which part of said polypeptide is of sufficient length to confer protection against Bialaphos-"plant-protecting- 

capabihty\ to plant cells, when incorporated genetically and expressed therein. Reference will also be made 
50 here-after to the "plant-protecting-capability" against Bialaphos of the abovesaid nucleotide sequence. 
Meaning of the designation of amino acids by a single letter is given thereafter. 

Alanine A 

Arginine R 

Asparagine N 
55 Aspartic Acid D 

Cysteine C 

Cystine C 

Glycine G 

Glutamic Acid E 
60 Glutamine Q 

Histidine H 

Isoleucine I 

Leucine L 

Lysine K 
65 Methionine M 
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Phenylalanine F 
Proline P 
Serine S 
Threonine T 
Tryptophan W 
Tyrosine Y 
Valine V 

This second preferred DNA fragment consists of the fo.iowing nucleotide sequence : 

TAAAGAGGTGCCCGCCACCCGCTTTCGCAGAACACCGAAGGAGACCACAC 

GTGAGCCCAGAACGACGCCCGGTCGAGATCCGTCCCGCCACCGCCGCCGA 

CATGGCGGCGGTCTGCGACATCGTCAATCACTACATCGAGACGAGCACGG 

TCAACTTCCGTACGGAGCCGCAGACTCCGCAGGAGTGGATCGACGACCTG 

GAGCGCCTCCAGGACCGCTACCCCTGGCTCGTCGCCGAGGTGGAGGGCGT 

CGTCGCCGGCATCGCCTACGCCGGCCCCTGGAAGGCCCGCAACGCCTACG 

ACTGGACCGTCGAGTCGACGGTGTACGTCTCCCACCGGCACCAGCGOCTC 

GGACTGGGCTCCACCCTCTACACCCACCTGCTGAAGTCCATGGAGGCCCA 

GGGCTTCAAGAGCGTGGTCGCCGTCATCGGACTGCCCAACGACCCGAGCG 

TGCGCCTGCACGAGGCGCTCGGATACACCGCGCGCGGGACGCTGCGGGCA 

GCCGGCTACAAGCACGGGGGCTGGCACGACGTGGGGTTCTGGCAGCGCGA 

CTTCGAGCTGCCGGCCCCGCCCCGCCCCGTCCGGCCCGTCACACAGATC ? 
GAGCGGAGAGCGCATGGC ~ 

ISSSSX^ — Bialaphos ; 

gene, the construction of expression vectors whfch conS ? ? h ! f ° r c the lso,atl °" °Mhe "sfrsv" resistance 
subsequent transformation of p.ant ce„s, in orde^ rSer ^ ^^T^S.^ a " OW 

Prepared ac cording to standard techniq^ DNA sS,ptes ^Lri *L 9 ?T ^ ° NA ° f this strain 
Sau3AI in three different reactions and separated on an Rested respectively with Pstl, Smal and 

(fig. 5B) digested with BamHI. In a Souther^ anXsTs ^ ^ h Pto ™ d ^"^SRI 

hybridized with the tob^d BOTHIf^SS^Sl ^^^ W 00 * nitrocel '"'°se Alter and 
a restriction fragment was shewing st™^^^^?^^? 0 9ene ' ,n a " four ,anes of th * Qel. 
fragment of about 1.2 kb and Sau3?i fr^S^^^^J^. ' & fra 9 ment * about 3 kb, a Smai 
were direct. Coned in the EiHhe^ .0,^ ^ ZS^S^^ 
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transferred to nitrocellulose filters, and hybridized with the "sfr" probe. Positive candidates were further t sted 
for their growth on minimal medium plates containing 300 jig/ml PPT. One transformant that grew on 
PPT-containing-medium was further analysed. The plasmid map and relevant restriction sites of this plasmid 
pJS1 are represented in fig. 8. The strain MC1061 (pJS1) has been deposited on March 06, 1987 at the 
5 DEUTSCHE SAMMLUNG VON MIKROORGANISMEN (DSM) under deposition number DSM 4023. The clone 
restriction fragment has been sequenced according to the Maxam and Gilbert method and the coding region 
of the gene could be identified through homology. The sequence of the "sfrsv" gene is represented in fig.9 and 
the homology on the nucleotide and amino acid sequence level with "sfr" gene is shown in fig. 10. 

10 Expression of the "sfrsv" gene 

A "sfrsv gene cassette" was also constructed to allow subsequent cloning in plant expression vectors. A 
Ban ll-Bglll fragment containing the "sfrsv" coding region without the initiation codon GTG was isolated from 
pJS1. This fragment was ligated in the vector pLK56-2 digested with Ncol and Bgl ll, together with a synthetic 
oligonucleotide 5'-CATGAGCC-3', similar with the one described for "sfr" gene and shown in fig. 5. The 

15 construction of pGSRISV is schematically shown in fig. 11. Since similar cassettes of both genes are present 
in respectively pGSR 1 and pGSR 1 SV, previous described constructions for the expression of the "sf r" gene in 
plants can be repeated. 

Enzymatic analysis of crude extracts from E. coli strains carrying plasmid pGSRISV demonstrated the 
synthesis of an acetylase which could acetylate PPT. This was shown by thin layer chromotography of the 
20 reaction porducts. 

The "sfrsv" gene was then inserted into the plasmid vector pGSJ260 (fig. 4B) under the control of the CaMV 
35s promoter, to yield a plasmid pGS2SV, similar to pGSR2 (fig. 6A) except that the "sfrsv" gene is substituted 
for the "sfr" gene. 

It is clear that herbicide resistance genes of the above type may be obtained from many other 
25 microorganisms that produce PPT or PPT derivatives. Herbicide resistance gene can then be incorporated in 
plant cells with a view of protecting them against the action of such Glutamine Synthetase inhibitors. For 
instance, a Bialaphos-resistance-gene is obtained from Kitasotosporia (ref. 15). 

Transformed plant cells and plants which contain the "sfrsv" resistance gene can be obtained with plasmid 
pGSR2SV, using the same Agrobacterium-mediated-transformation system as hereabove described for the 
30 transformation of different plant species with the "sfr" gene. 

Plants are regenerated and tested for their resistance with similar spraying tests as described hereabove. 
All plants behaved similarly and show resistance against herbicides consisting of glutamine synthetase 
inhibitors. 

Finally, the inventors also pertains to the combination of the plants resistant to an inhibitor of glutamine 
35 synthetase as defined above with the corresponding inhibitor of glutamine synthetase for use in the 
production of cultures of said plants free form weeds. 
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1 . Process for controlling the action in plant cells and plants of a glutamine synthetase inhibitor when 
contacted herewith, which comprises providing said plants with a heterologous DNA including a foreign 
nucleotide sequence, capable of being expressed in the form of a protein in said plant cells and plants, 
under conditions such as to cause said heterologous DNA to be integrated stably through generations in 
the cells of said plants, and wherein said protein has an enzymatic activity capable of causing inactivation 
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or neutralization of said glutamine synthetase inhibitor 

. -CX SER t»RO GLUT 

IB3 " 

ARG ARG PRO ALA ASP ILE ARB ARG ALA THR GLU ALA ASP MET PRO 

^"VAL CY3 THR ILE VAL A5N HIS TYR ILE GLU THR SER THR VAL 
273 ' 

*SN PHE ARG THR GLU PRO GLN GLU PRO GLN GLU TRP THR ASP ASP 

318 . 2 o 

LEU VAL ARG LEU ARG GLU ARG TYR PRO TRP LEU VAL ALA GLU VAL 

3o3 

ASP GLY GLU VAL ALA GLY ILE ALA TYR ALA GLY PRO TRP LYS ALA * 

4 09 ' " - 

ARG ASM ALA TYR ASP TRP THR ALA GLU SER THR VAL TYR VAL SER;.- 

<53 30 

PRO ARG HIS GLN ARG THR GLY LEU GLY SER THR LEU TYR THR HIS 
498 

LEU LEU LYS GER LEU GLU ALA GLN GLY PHE LYS SER VAL VAL ALa£ * 
543 

VAL ILE GLY LEU PRO ASN ASP PRO SER VAL ARG MET HIS GLU ALA 

583 " 40 

LEU GLY TYR ALA PRO ARG GLY MET LEU ARG ALA ALA GL Y ' PHE LYS 
&33 ' ~ " " ." 

HIS GLY ASN TRP HIS ASP VAL GLY PHE TRP GLN LEU ASP PHE SER 45 

.. A7S 

LEU" PRO VAL PRO PRO ARG PRO VAL LEU PRO VAL THR GLU ILE - 

723 so 

the Lbicida, acuity of flru^:?^^;^^ 88 " 41 ^ ^ * ^ ^ ^ 55 
fbN^SroSJSieS ° f C ' aimS 1 ,0 4 ' WhSrein the "f rologou. DNA fagment comprises the 
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83 GTG AGC CCA GAA 

CGA CGC CCS GCC GAC ATC CGC CGT GCC ACC GA3 GCG GAC ATG C^G 
223 

GCG GTC TGC ACC ATC GTC AAC CAC TAC ATC GAG ACA AGC ACS ETC 
273 

AAC TTC CGT ACC GAG CCG CAG GAA CCG CAG GAG TGG AC3 GAC GAC 
31B . - 

CTC GTC CGT CTG CGG GAG CGC TAT CCC TGG CTC GTC GCC GAG GT3 
363 

i . * - 

GAC GGC GAG GTC GCC GGC ATC GCC TAC GCG G3C CCC TGG AAG GCA 
408 

CGC AAC GCC TAC GAC TGG ACG GCC GAG TCG ACC GTG TAC GTC TCC 
453 w ^ 

25 CCC CGC CAC CAG CGG ACG GGA CTG GGC TCC ACG CTC TAC A~~ r A C 

493 
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CTG^CTG AAG TCC CTG GAG GCA CAG GGC TTC AAG AGC GTG GTC GCT 
5-^3 

GTC ATC GG3 CTG CCC AAC GAC CCG AGC GTG CGC ATG CAC GAG GCG 
533 

CTC GGA TAT GCC CCC CGC GGC ATG CTG CGG GCG GCC GGC TTC AAG 
633 

CAC^GGG AAC TGG CAT GAC GTG GGT TTC TGG CAG CTG GAC TTC AGC 
6*73 

CTG^CCG GTA CCG CCC CGT CCG GTC CTG CCC GTC ACC GAG ATC 



or a part thereof expressing a polypeptide capable of inactivating said glutamine synthetase inhibitor 

6. Process according to any of claims 1 to 5, wherein the initiation codon ATG is substituted for the 
initiation codon GTG of the sequence defined in claim 5. 

7. Process according to any of claims 1 to 3, wherein the heterologous DNA fragment comprises a 
foreign nucleotide sequence coding for the following amino acid sequence : 
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V SPER RP VEIRPATAADM 

AA VCDIVNHYIETSTVNF 
RTEPQTP^E WID DLERlq 

DRYPWLVA EVEGVVAGIA 
YAGPWKARN AYDWTVE ST 
VYV SHRHaRLG L G S T L Y T 

HLLKSME A aGFKSVVAVI 

CLPN DPSVRLHEALGYTA 

RGTLRAAGY K HGGWHDVG 
FW fcRDFEL PAPPRp VRpv 
T Q I * 



or a part of a polypeptide of sufficient length to possess said enzymatic activity and when said DMA 
l;XTaU S in= S r S s ed ^ * ^ ^ ^ ^ X££ 

nuc.e7°d C e "%"e C nce f° * ^ ^ h ^°^ DN * ^ment comprises the fo.lowing 
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TAAAGAGGTGCCCGCCACCCGCTTTCGCAGAACACCGAAGGAGACCACAC 

GTGAGCCCAGAACGACGCCCGGTCGAGATCCGTCCCGCCACCGCCGCCGA 

CATGGCGGCGGTCTGCGACATCGTCAATCACTACATCGAGACGAGCACGG 

TCAACTTCCGTACGGAGCCGCAGACTCCGCAGGAGTGGATCGACGACCTG 

GAGCGCCTCCAGGACCGCTACCCCTGGCTCGTCGCCGAGGTGGAGGGCGl' 

CGTCGCCGGCATCGCCTACGCCGGCCCCTGGAAGGCCCGCAACGCCTACG 

ACTGGACCGTCGAGTCGACGGTGTACGTCTCCCACCGGCACCAGCGGCTC 

GGACTGGGCTCCACCCTCTACACCCACCTGCTGAAGTCCATGGAGGCCCA 

G(?GCTTCAAGAGCGTGGTCGCCGTCATCGGACTGCCCAACGACCCGAGCG 

TGCGCCTGCACGAGGCGCTCGGATACACCGCGCGCGGGACGCTGCGGGCA 

GCCGGCTACAAGCACGGGGGCTGGCACGACGTGGGGTTCTGGCAGCGCGA 

CTTCGAGCTGCCGGCCCCGCCCCGCCCCGTCCGGCCCGTCACACAGATC^ 
GAGCGGAGAGCGCATGGC 



or a part thereof expressing a polypeptide capable of inactivating said glutamine synthetase inhibitor. 

9. In a process for producing plants and reproduction material of said plants including a heterologous 
genetic material stably integrated therein and capable of being expressed in said plants or reproduction 
material in the form of a protein capable of inactivating or neutralizing the activity of a glutamine 
synthetase inhibitor, comprising the non biological steps of producing plants cells or plant tissue 
including said heterologous genetic material from starting plant cells or plant tissue not able to express 
that inhibiting or neutralizing activity, regenerating plants or reproduction material of said plants or both 
from said plant cells or plant tissue including said genetic material and, optionally, biologically replicating 
said last mentioned plants or reproduction material or both, wherein said steps of producing said plant 
cells or plant tissue including said heterologous genetic material comprises transforming said starting 
plant cells or plant tissue with a DNA recombinant containing a nucleotide sequence encoding said 
protein as well as the regulatory elements selected among those which are capable of enabling the 
expression of said nucleotide sequence in said plant cells or plant tissue and to cause the stable 
integration of said nucleotide sequence in said plant cells and tissue, as well as in the plant and 
reproduction material processed therefrom throughout generations. 

10. The process according to claim 9. wherein starting cells are transformed with a recombinant DNA 
which contains the fragment of any one of the claims 1 to 8 recombined with heterologous DNA, and 
wherein said recombinant DNA is devoid of any DNA region involved in the biosynthesis of Biaiaphos, 
when said fragment originates itself from a Bialaphos-producing strain. 

11. The process according to claim 10, wherein the recombinant DNA is a vector suitable for the 
transformation of a cellular host and, when introduced therein, for allowing for the neutralization or 
inhibition of glutamine synthetase inhibitors. 
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or i n ac.iv.tin 9 glutamine syn.hel^Siio™ vane, >'- s ' >ec "' <: ««Vn»l» .ct.vity capable ol n.utrallzlrg 

glutamine synthetase inhibitors enzymatic activity capable of .nact.vating or neutralizing 

JLslZT 3CCOrdin9 t0 C ' aim 18 " 19 ' Wherei " ^ are transformed by the process of any of 
acety7tr a nSL a e CCOrd,n9 * "* " C ' a,mS 1 8 10 *• WhiCh produce detec ^,e amounts of phosphinotricin 

£-£r~^ a DNA 

neutralizing glutamine synthetase inhibitors enzymatic activity capable of inactivating or 

^<^^t^^^:^:^^^^ t a p,ant capab,e ° f producin « 

synthetase inhibitors. enzymatic activity capable of inactivating or neutralizing glutamine 

1 24. Seeds according to claim 22 or 23, which are transformed by the process of any one of the claims 9 to 

inactivating glutamine synthetase inhibitors enzymatic activity capable of neutralizing or 

28 Pro'' f° 9 /° C ' a,m 25 ° r26 ' Which are ^nsformed by the process Sanyo claims 9 to 17 
fragment encoding a protein having T^^^ SSiJS^^^ ^ 9 * n °™ 3 ° NA 

ir^sfjc itor H s ' an ? w ? erein?he ^^ssssszss^" 9 9iutamine 

one oTcTafm: UoT^ * ^ ^ "» P ^ ^ ^ a °NA fragment according to any 
j^^Z^^SS? " Wh6rein P ' ant SP6CieS arS ,ransf "- d -cording to the 

intervalsof about 20to100days.u 9 nti,eaS 

iSS^riS^ 1 ' Wh6rei " -thetS inhibitors comprise 

sSrS^ng a SSf^Sctdf wheS me" 3 T 393(051 fUn9a ' diS6aSeS COmprisi "9 the 
fragment encod 9 g a prote^rhaving a^ eSmaS " th-lr 9en ° me 3 DNA ' 

synthetase inhibitors and wherein l^^^^S^^^^^ 

c^Tuot aCC ° rd,ng 10 Cl3im 33 ' ,he P ' ant Sp6Cies c -tain y a DN^memaccording to any of 

^^^SlS^,? ° r 34 ' Wherein the pla "t species are transformed according to the 

in 3 h1bi P o?rs\ S pp a e d 0 o? 35 - lt Wh f r r 3 SO,Uti ° n ° f 3 9' Utami - synthetase 

at time inters <* ^^\'%Z^^J? < 2^ ^ 

f ™i~^ inhibitor is selected 

Bi3laPhOS - ° r re ' ated COmP ° Und * appli * d - a 
39. Process according to cLaim 38. wherein Bi a ,aphos. PPT or related compounds is diluted in a liquid 
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w 



carrier at a concentration such as to enable its application to the field at a rate ranging from about 2 l/ha to 
about 8 l/ha. 

40. Process according to any of claim 38 or 39, wherein selectively protected plant species comprise 
sugar-beet, rice, potato, tomato, maize, tobacco. 

41. Vector which contains a DNA fragment encoding a polypeptide having an enzymatic activity capable 
of causing inactivation of glutamine synthetase inhibitors. 

42. Vector according to claim 41 , which is suitable for the transformation of plant cells and plants 

43. Vector according to claim 41 or 42, which contains a DNA fragment belonging to the genome of a 
Streptomyces . 

44. Vector according to any of claims 41 to 43, which contains the DNA fragment recombined with 
heterologous DNA, wherein said recombinant DNA is devoid of any DNA region involved in the 
biosynthesis of Bialaphos. 

45. The vector of claim 44 suitable for the transformation of a cellular host and, when introduced therein 
for allowing for expression of a polypeptide capable of inactivating glutamine synthetase inhibitor 

15 46. The vector of claim 45, wherein said DNA fragment is under the control of replicon elements suitable 

for the transformation of bacteria, particularly E. coli . 
47. The vector of claim 46, wherein said DNA fragment is under the control of a plant promoter region 

and of regulation elements allowing for the expression of said DNA fragments in plant cells when the 

latter are later transformed with said vector. 
20 48. The vector of claim 47, which confers bialaphos-resistance to the transformed plant cells 

49. The vector of claim 48, wherein a sequence encoding a transit peptide is intercalated between said 
plant promoter region and said DNA fragment. 

50. The vector of claim 49, wherein the transit peptide is selected from ribulose-1 5 biphosDhate 
carboxylase and chlorophyl a/b binding proteins. ' 

25 51 • Tne vector of any of claims 45 to 50, wherein said vector is a modified Ti plasmid. 

52. Vector according to any of claims 41 to 51 , which comprises the following nucleotide sequence • 
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133 . eT 9 AGC CCA GAA 

CBACSC CCG BCC BAC ATC CGC CGT BCC ACC GAB GC3 GAC ATG CCG 
BCG 7 BTC TSC ACC ATC BTc' AAC CAC TAC ATC BAG ACA ABC ACS GTc' 
AAC^TTC CBT ACC GAG CCG CAB BAA CCG CAB BAB TG3 ACS BAC GAC 
C %T C CTG CGS ^ CSC ^" TAT CCc' tBB CTC BTC BCC BAB G73 

BACBGC GAG BTC BCC BBC ATC BCC TAC SCS BBC CCC TBG AAG GCA 
CBC^AAC GCC TAC GAC TBG ACS BCC BAG TCB ACC GTG TAC BTC TCC* 
CC S99 GC CAG CSG ACG GGA CTG BBC TCC ACS CTC TAC ACC CAC 

CTG^CTG AAG TCC CTG BAB BCA CAG BBC TTC AA3 As6 GTG BTC GCT 
BTCATC BBG CT3 CCC AAC BAC CCG ABC BTB CGC ATG CAC BAB GC3 
CTCGGA TAT BCC CCC CGC BBC ATG CTG CGG GCS BCC BSC TTC AAQ 
CAC^GGB AAC TBS CAT BAC GTS BBT TTC TBG CAS CTG GAC TTC Asd 
CTG^CCG GTA CC3 CCC CST CCS STC CTQ CCC BTC ACC GAG ATC 
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53. The vector of claim 52, wherein the initiation codon ATG is substitute for th* *■ _ 45 
the sequence defined in claim 52 uon m i ^ is substituted for the initiation codon GTG of 

54. Vector according to any of claims 41 to 51 , which comprises the following nucleotide sequence : 
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TAAAGAGGTGCCCGCCACCCGCTTTCGCAGAACACCGAAGGAGACCACAC 

GTGAGCCCAGAACGACGCCCGGTCGAGATCCGTCCCGCCACCGCCGCCGA 

CATGGCGGCGGTCTGCGACATCGTCAATCACTACATCGAGACGAGCACGG 

TCAACTTCCGTACGGAGCCGCAGACTCCGCAGGAGTGGATCGACGACCTG 

GAGCGCCTCCAGGACCGCTACCCCTGGCTCGTCGCCGAGGTGGAGGGCGT 

CGTCGCCGGCATCGCCTACGCCGGCCCCTGGAAGGCCCGCAACGCCTACG 

ACTGGACCGTCGAGTCGACGGTGTACGTCTCCCACCGGCACCAGCGGCTC 

GGACTGGGCTCCACCCTCTACACCCACCTGCTGAAGTCCATGGAGGCCCA 

GGGCTTCAAGAGCGTGGTCGCCGTCATCGGACTGCCCAACGACCCGAGCG 

TGCGCCTGCACGAGGCGCTCGGATACACCGCGCGCGGGACGCTGCGGGCA 

GCCGGCTACAAGCACGGGGGCTGGCACGACGTGGGGTTCTGGCAGCGCGA 

CTTCGAGCTGCCGGCCCCGCCCCGCCCCGTCCGGCCCGTCACACAGATC^ 
GAGCGGAGAGCGCATGGC 

55. A DNA fragment, for the subsequent transformation of plant cells, coding for a polypeptide having 
phosphinothricin-acetyl-transferase activity, which consists of a nucleotide sequence coding for the 
following amino acid sequence : 
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x ser Fro glu 

AH 3 ARG PRO ALA ASP ILE AEG ARG ALA THR GLU ALA ASP MET PRO 
229 

ALA VAL QY3 THR ILE VAL ASN HIS TYR ILE GLU THR SER THR VAL 
273 

ASN PHE ARG THR BLU PRO GLN GLU PRO GLN GLU TRP THR ASP ASP 

3 La . . 

LEU VAL ARG LEU ARG GLU ARG TYR PRO TRP LEU VAL ALA GLU VAL 

3o3 

ASP GLY GLU VAL ALA GLY ILE ALA TYR ALA GLY PRO TRP LYS ALA 

4 08 

AR3 ASN ALA TYR ASP TRP THR ALA GLU SER THR VAL TYR VAL SER 

PRO ARG HIS GLN ARG THR GLY LEU GLY SER THR LEU TYR THR HIS 
4 98 

LEU LEU LYS SER LEU GLU ALA GLN GLY PHE LYS SER VAL VAL ALA l 
543 

VAL ILE GLY LEU PRO ASN ASP PRO SER VAL ARG MET HIS GLU ALA 
533 

LEU GLY TYR ALA PRO ARG GLY MET LEU ARG ALA ALA GLY PHE LYS' 
533 ' . . ' - - 

HIS GLY ASN TRP HIS ASP VAL GLY PHE TRP GLN LEU ASP PHt .SER- 
±>7S 

LE'J PRO VAL PRO PRO ARG PRO VAL LEU PRO VAL THR GLU ILE 
723 



56. The DNA fragment of claim 55 which comprises the following nucleotide sequence : 



33 



0 242 246 

1B3 " QT0 AGC CCA GAA 

CGA^CGC CCG GCC GAC ATC CGC CGT GCC ACC GAG GCG GAC ATG CCG 
GCG^GTC TGC ACC ATC GTC~ AAC CAC TAC ATC GAG ACA AGC ACQ GTC 

AA 318 TC CAG GAA CCG CAG GAG TGG ACG GA C GAC 

CT 363 TC GAG CGC TAT CCC TGG CTC GTC GCC GTG 

GAC^C-GC GAG GTC GCC GGC ATC GCC TAC GCG BBC CCC TGG AAG GCA 

CGCAAC GCC TAC GAC TGG ACG GCC GAG TCG ACC GTG TAC GTC TCC 

CC 498 GC GGG ACG GGA CTS GGC TCC ACG CTC TAC ACC CAC 

CTG^CTG AAG TCC CTG GAG GCA CAG GGC TTC AAG AGC GTG GTC GCT 

GT 5B3 TC GGG AAC GAC CCG AGC GTG CGC ATG CAC GAG GCG 

CTC^GGA TAT GCC CCC CGC GGC ATG CTG CGG GCG GCC GGC TTC AAG 

CAC^GGG AAC TGG CAT GAC GTG GGT TTC TGG CAG CTG GAC TTC AGC 

CTG_CCG GTA CCG CCC CGT CCG GTC CTG CCC GTC ACC GAG ATC 



%7 A a nL h f ?° f eXP ? S « Sin9 3 P°'yP e P tide havin 9 Phosphinotricin-acetyl-transferase activity 
0 £, A h?nn A fra9me ': t ; f t ° r th f subsec ' uent transformation of plant cells, coding for a polypeptide having 
^XSo"^^™ aCtiVity ' WNCh C ° nSiStS ° f 3 nUC,e ° tide -Puen^eSn'ffor the 9 
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VSPERRPVEIRPATAADM 
AAVCDIVNHYIETS'TVNF 
RTEPQTPQ.EWIDDLERLQ 
D RYP WLVA EVEG VVAG I A 
YAGPWKARNAYDWTVEST 
VYV SHRHQ.RLGLGSTLYT 
HLLKSMEAQ.GFKSVVAVI 
CLPNDPSVRLHEAL GYTA 
RGTLRAAGYKHGGWHDVG 

FW Q.RDFELPAPPRPVRPV 
T Q I * 

or a part of said nucleotide sequence of sufficient length to code for a polypeptide still having 
phospinotricin-acetyl-transferase activity. 
58. The DNA fragment of claim 57. which comprises the following nucleotide sequence : 
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TAAAGAGGTGCCCGCCACCCGCTTTCGCAGAACACCGAAGGAGACCACAC 

GTGAGCCCAGAACGACGCCCGGTCGAGATCCGTCCCGCCACCGCCGCCGA 

CATGGCGGCGGTCTGCGACATCGTCAATCACTACATCGAGACGAGCACGG 

TCAACTTCCGTACGGAGCCGCAGACTCCGCAGGAGTGGATCGACGACCTG 

GAGCGCCTCCAGGACCGCTACCCCTGGCTCGTCGCCGAGGTGGAGGGCGT 

CGTCGCCGGCATCGCCTACGCCGGCCCCTGGAAGGCCCGCAACGCCTACG 

ACTGGACCGTCGAGTCGACGGTGTACGTCTCCCACCGGCACCAGCGGCTC 

GGACTGGGCTCCACCCTCTACACCCACCTGCTGAAGTCCATGGAGGCCCA 

GGGCTTCAAGAGCGTGGTCGCCGTCATCGGACTGCCCAACGACCCGAGCG 

TGCGCCTGCACGAGGCGCTCGGATACACCGCGCGCGGGACGCTGCGGGCA 

GCCGGCTACAAGCACGGGGGCTGGCACGACGTGGGGTTCTGGCAGCGCGA 

CTTCGAGCTGCCGGCCCCGCCCCGCCCCGTCCGGCCCGTCACACAGATC^ 
GAGCGGAGAGCGCATGGC 

of a part thereof expressing a polypeptide having phosphinotricin-acetyl-transferase activity. 
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TAAAGAGGTGCCCGCCACCCGCTTTCGCAGAACACCGAAGGAGACCACAC 

GTGAGCCCAGAACGACGCCCGGTCGAGATCCGTCCCGCCACCGCCGCCGA 

CATGGCGGCGGTCTGCGACATCGTCAATCACTACATCGAGACGAGCACGG 

TCAACTTCCGTACGGAGCCGCAGACTCCGCAGGAGTGGATCGACGACCTG 

GAGCGCCTCCAGGACCGCTACCCCTGGCTCGTCGCCGAGGTGGAGGGCGT 

CGTCGCCGGCATCGCCTACGCCGGCCCCTGGAAGGCCCGCAACGCCTACG 

ACTGGACCGTCGAGTCGACGGTGTACGTCTCCCACCGGCACCAGCGGCTC 

GGACTGGGCTCCACCCTCTACACCCACCTGCTGAAGTCCATGGAGGCCCA 

GGGCTTCAAGAGCGTGGTCGCCGTCATCGGACTGCCCAACGACCCGAGCG 

TGCGCCTGCACGAGGCGCTCGGATACACCGCGCGCGGGACGCTGCGGGCA 

GCCGGCTACAAGCACGGGGGCTGGCACGACGTGGGGTTCTGGCAGCGCGA 

CTTCGAGCTGCCGGCCCCGCCCCGCCCCGTCCGGCCCGTCACACAGATC^ 
GAGCGGAGAGCGCATGGC 
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